In this work, we introduce the notion of intuitionistic generalized fuzzy metric space by using the idea of intuitionistic fuzzy set due to Atanassov. We determine some coupled coincidence point results for compatibility of two mappings, that is, F : X × X → X and g : X → X, in the framework of intuitionistic generalized fuzzy metric spaces endowed with partial order. An interesting example is also displayed here in support of our result.
http://www.fixedpointtheoryandapplications.com/content/2013/1/265 metric space with the help of generalized metric space and fuzzy sets, and further studied it in [, ] to deal with some fixed point theory.
In this work, we present an interesting generalization of generalized fuzzy metric space with the help of an intuitionistic fuzzy set and call it an intuitionistic generalized fuzzy metric space. We also define the notions of convergence, Cauchy sequences and compatibility of two mappings in this setup. Further, we establish coupled coincidence point and coupled fixed point results for compatible mappings in partially ordered intuitionistic generalized fuzzy metric spaces and construct an example in support of our result. Now, we recall some definitions and notations which we will used throughout the article. We shall assume throughout this paper that the symbols R and N denote the set of real and natural numbers, respectively. In this section, we recall some definitions and preliminary results which we will use throughout the paper. Mustafa and Sims [] defined the notion of generalized metric space as follows.
Let X be a nonempty set and a mapping G : X ×X ×X → R. Then G is called a generalized metric (for short, G-metric) on X and (X, G) a generalized metric space or simply a G-metric space if the following conditions are satisfied:
ii) G(x, x, y) >  for all x, y ∈ X and x = y, (iii) G(x, x, y) ≤ G(x, y, z) for all x, y, z ∈ X and y = z, (iv) G(x, y, z) = G(x, z, y) = G(y, z, x) = · · · (symmetry in all three variables), (v) G(x, y, z) ≤ G(x, a, a) + G(a, y, z) for all x, y, z, a ∈ X (rectangle inequality).
We remark that every G-metric on X defines a metric d G on X by d G (x, y) = G(x, y, y) + G(y, x, x) for all x, y ∈ X.
For example, let (X, d) be a metric space. The function G : X × X × X → [, ∞) is defined by
G(x, y, z) = max d(x, y), d(y, z), d(z, x) or

G(x, y, z) = d(x, y) + d(y, z) + d(z, x)
for all x, y, z ∈ X. Then (X, G) is a G-metric space [] . Bhaskar and Lakshmikantham [] presented the definitions of mixed monotone property and coupled fixed point for the contractive mapping F : X × X → X and established some coupled fixed point theorems for a mixed monotone operator. As an application of the coupled fixed point theorems, they determined the existence and uniqueness of the solution of a periodic boundary value problem. Afterward, Lakshmikantham and Ćirić [] presented the notions of mixed g-monotone property and coupled coincidence point and proved coupled coincidence and coupled common fixed point theorems for nonlinear contractive mappings in partially ordered complete metric spaces. Many authors obtained important fixed point theorems, for details and background of fixed point theory, we refer to [-] and references therein.
Definition . []
Let (X, ≤) be a partially ordered set and F : X × X → X be a mapping. Then a map F is said to have the mixed monotone property if F(x, y) is monotone non-http://www.fixedpointtheoryandapplications.com/content/2013/1/265 decreasing in x and is monotone non-increasing in y; that is, for any x, y ∈ X,
Definition . [] An element (x, y) ∈ X × X is said to be a coupled fixed point of the mapping F :
Definition . [] Let (X, ≤) be a partially ordered set, and let F : X × X → X and g : X → X be two mappings. Then a map F is said to have the mixed g-monotone property if F is monotone g-non-decreasing in its first argument and is monotone g-non-increasing in its second argument, that is, for any x, y ∈ X,
Definition . []
An element (x, y) ∈ X × X is said to be a coupled coincidence point of mappings F : X × X → X and g : X → X if F(x, y) = gx and F(y, x) = gy.
Definition . []
Let X be a nonempty set, and let F : X × X → X and g : X → X be two mappings. Then F and g are commutative if for all x, y, z ∈ X, we have g F(x, y) = F(gx, gy).
) be an IGFM-space. The mappings F and g, where F : X × X → X and g : X → X, are said to be compatible if
whenever (x n ) and (y n ) are sequences in X such that lim n→∞ F(x n , y n ) = lim n→∞ g(x n ) = x and lim n→∞ F(y n , x n ) = lim n→∞ g(y n ) = y for some x, y ∈ X.
Afterward, the concept of compatible mappings was introduced in fuzzy metric spaces by Hu 
Remark . The concepts of triangular norms (t-norms) and triangular conorms (tconorms) are known as the axiomatic skeletons that we use for characterizing fuzzy intersections and unions, respectively.
In , Park [] presented the notion of intuitionistic fuzzy metric space as follows: The -tuple X, M, N , * , ♦ is said to be an intuitionistic fuzzy metric space if X is an arbitrary set, * is a continuous t-norm, ♦ is a continuous t-conorm and M, N are fuzzy sets on X  × (, ∞) satisfying the following conditions for all x, y, z ∈ X, s, t > :
Now, we introduce the notion of intuitionistic generalized fuzzy metric space by using the concepts of continuous t-norm and t-conorm. Definition . The -tuple (X, G, H, * , ♦) is said to be an intuitionistic generalized fuzzy metric space (for short, IGFM-space) if X is an arbitrary nonempty set, * is a continuous t-norm, ♦ is a continuous t-conorm, and G, H are fuzzy sets on X  × (, ∞) satisfying the following conditions. For every x, y, z, a ∈ X and s, t > ,
In this case, the pair (G, H) is called an intuitionistic generalized fuzzy metric on X.
For all x, y, z ∈ X and every t > , consider G, H to be fuzzy sets on
and
, and denote
Then (X, G, H, * , ♦) is an intuitionistic generalized fuzzy metric space. Notice that the above example holds even with the t-norm a * b = min(a, b) and the t-conorm a ♦ b = max(a, b). We remark that this intuitionistic generalized fuzzy metric is induced by a G-metric G, the standard intuitionistic generalized fuzzy metric.
Remark . In an intuitionistic generalized fuzzy metric space, G(x, y, z, ·) is nondecreasing and H(x, y, z, ·) is non-increasing for all x, y, z ∈ X.
Definition . Let x ∈ X, where (X, G, H, * , ♦) is an IGFM-space. Then, for r ∈ (, ) and t > , the set 
H is a topology on X (induced by the intuitionistic generalized fuzzy metric (G, H)).
Recall that a topological space is first countable if each point has a countable (decreasing) local base. Since B G,H (x, /n, /n) is a local base at x, then topology τ G,H is first countable.
Definition . Let (X, G, H, * , ♦) be an IGFM-space. Then a sequence (x j ) is said to be convergent to x ∈ X with respect to the intuitionistic generalized fuzzy metric (G, H) if for every >  and t > , there exists j  ∈ N such that G(x j , x k , x, t) >  -and H(x j , x k , x, t) < for all j, k ≥ j  . In this case, we write x j 
Proof Let (x j ) be convergent to x with respect to an intuitionistic generalized fuzzy metric
− → x. Then, for every r ∈ (, ) and t > , there is a number j  ∈ N such that
is said to be complete if every Cauchy sequence with respect to the intuitionistic generalized fuzzy metric (G, H) is convergent with respect to (G, H).
Coupled coincidence results for compatible mappings
In this section we establish coupled coincidence theorems for compatibility of two mappings in partially ordered intuitionistic generalized fuzzy metric spaces. Before proceeding further, first we define the notion of compatible mappings with respect to the intuitionistic generalized fuzzy metric (G, H) as follows.
Definition . Let (X, G, H, * , ♦) be an IGFM-space. The mappings F and g, where F : X × X → X and g : X → X, are said to be compatible with respect to (G, H) if for all t > ,
Secondly, we prove the following lemmas which we will used to prove our coupled coincidence theorem. http://www.fixedpointtheoryandapplications.com/content/2013/1/265
for all x, y, z ∈ X, λ ∈ (, ] and t > . Then, for each λ ∈ (, ], there exists μ ∈ (, ] such that
and, similarly,
This implies
Since >  was arbitrary, we have
Denote by the family of strictly increasing functions φ : Proof Let λ (x, y, z) be given by (.). For simplicity in notation, write a n = λ (y n- , y n- , y n ) for each λ ∈ (, ]. We have to show that
Since φ is upper semi-continuous from right, for given >  and each a n , there exists p n > a n such that φ(p n ) < φ(a n ) + . It follows from (.) that
From (.), we have
Again, from (.), we have
Then a n+ ≤ φ(a n ). Otherwise, a n+ ≤ φ(a n+ ) < a n+ which is not possible. Now, we are ready to determine a coupled coincidence theorem for compatible mappings in partially ordered intuitionistic generalized fuzzy metric spaces.
Theorem . Let (X, ≤) be a partially ordered set and (X, G, H, * , ♦) be a complete IGFMspace. Suppose that F : X × X → X and g : X → X are mappings such that F has the mixed g-monotone property, and also assume that there exists φ ∈ such that G (F(x, y), F(x, y), F(u, v), φ(t)) ≥ G(g(x), g(x), u, t)  *  G(g(x), g(x), F(x, y) 
, t) * G(g(u), g(u), F(u, v), t) and H(F(x, y), F(x, y), F(u, v), φ(t)) ≤ H(g(x), g(x), u, t) ♦ H(g(x), g(x), F(x, y), t) ♦ H(g(u), g(u), F(u, v), t)
for
all x, y, u, v ∈ X and t >  with g(x) ≤ g(u) and g(y) ≥ g(v), or g(x) ≥ g(u) and g(y) ≤ g(v). Suppose that F(X × X) ⊆ g(X), g is continuous and F and g are compatible with respect to (G, H), and also suppose that either (a) F is continuous, or (b) X has the following property: (i) if a non-decreasing sequence x n is convergent to x with respect to (G, H), then x n ≤ x for all n, (ii) if a non-increasing sequence y n is convergent to y with respect to (G, H), then
y n ≥ y for all n. If there exist x  , y  ∈ X with g(x  ) ≤ F(x  , y  ) and g(y  ) ≥ F(y  , x  ), then there exist x, y ∈ X such that g(x) = F(x, y) and g(y) = F(y, x); that is, F and g have a coupled coincidence point.
. Continuing this process, we can construct two sequences (x n ) and (y n ) in X as follows:
for all n ≥ . We have to show that
. This proves that (.) and (.) hold for n = . Let us suppose that (.) and (.) hold for some fixed n > . Since g(x n ) ≤ g(x n+ ) and g(y n ) ≥ gy n+ , so by the mixed g-monotone property of F, we have
Also,
It follows that
Thus, by the mathematical induction, we conclude that (.) and (.) hold for all n ≥ . Substituting x = x n- , y = y n- , u = x n and v = y n in (.), we obtain
for all t > . Using (.) in the above inequalities, we get
for all t > . Hence, by Lemma ., (g(x n )) is a Cauchy sequence with respect to the intuitionistic generalized fuzzy metric (G, H). Again, by substituting x = y n , y = x n , u = y n- , and v = x n- in (.), we get
By using (.), the above inequalities become
for all t > . This proves that (g(y n )) is a Cauchy sequence with respect to (G, H). That is, (g(x n )) and (g(y n )) are Cauchy sequences with respect to (G, H). Since (X, G, H, * , ♦) is a complete IGFM-space, there exist x, y ∈ X such that F) is a compatible pair with respect to (G, H), we have
for all t > . Now, suppose that assumption (a) holds. From (.) and (.), by using the continuity of F and g, we have
for all t > . Similarly, for all t > , we get
G g(y), g(y), F(y, x), t =  and H g(y), g(y), F(y, x), t = . (.)
From (.) and (.), we obtain g(x) = F(x, y) and g(y) = F(y, x). This proves that F and g have a coupled coincidence point with respect to the intuitionistic generalized fuzzy metric (G, H). Lastly, let us assume that (b) holds. Since (g(x n )) is a non-decreasing sequence and g(x n ) is convergent to x with respect to the intuitionistic generalized fuzzy metric (G, H), and also (g(y n )) is a non-increasing sequence and g(y n ) is convergent to y with respect to (G, H), http://www.fixedpointtheoryandapplications.com/content/2013/1/265 by our assumption we have g(x n ) ≤ x and g(y n ) ≥ y for all n. Since (g, F) is a compatible pair, using the continuity of g, we have
for all k and t > . Taking limit as n → ∞, using the fact that G is continuous and from the definition of IGFM-space, we have
for all t > . Since g(x n+ ) = F(x n , y n ) and g(y n+ ) = F(y n , x n ), using equalities (.) and (.) in (.), we get
Using (.) in the right-hand side of (.) and then from (.) and (.), we obtain
G g(x), g(x), F(x, y), φ(t)
≥ lim Proof The proof follows by putting g = I, the identity mapping, in Theorem ..
We consider the following example in support of our Theorem .. max(a, b) . Consider G, H to be fuzzy sets on X  × (, ∞) defined
